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Spectral stability monitoring of an imaging spectrometer by
means of onboard sources
 
Abstract
The In-Flight Characterization (IFC) facility of the Airborne Prism Experiment (APEX) is presumably
the first onboard characterization unit implemented in an airborne imaging spectrometer. This study is
meant to test methodologies for the retrieval of temporal relative center wavelength drifts based on IFC
data. A rare Earth material filter with a set of well-known absorption features is imaged through the IFC
on APEX and recorded at several time positions. The shift of the center wavelengths covered by a
spectral feature is estimated by means of curve matching algorithms. Two algorithms are evaluated: in
the former the shift is determined by using the correlation coefficient as merit function to determine
changes of the feature shape and position, while the latter evaluates the distance between centers of
gravity. These methods have demonstrated an uncertainty in the order of 6-9 % of a pixel. A test case
has been designed in which the APEX system was exposed to a temperature profile with a thermal
excursion of 26°C, reproducing flight conditions. Results show the spectral stability of the APEX
imaging spectrometer.
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ABSTRACT 
 
The In-Flight Characterization (IFC) facility of the Airborne 
Prism Experiment (APEX) is presumably the first onboard 
characterization unit implemented in an airborne imaging 
spectrometer. This study is meant to test methodologies for 
the retrieval of temporal relative center wavelength drifts 
based on IFC data. A rare Earth material filter with a set of 
well-known absorption features is imaged through the IFC 
on APEX and recorded at several time positions. The shift 
of the center wavelengths covered by a spectral feature is 
estimated by means of curve matching algorithms. Two 
algorithms are evaluated: in the former the shift is 
determined by using the correlation coefficient as merit 
function to determine changes of the feature shape and 
position, while the latter evaluates the distance between 
centers of gravity. These methods have demonstrated an 
uncertainty in the order of 6-9 % of a pixel. 
A test case has been designed in which the APEX system 
was exposed to a temperature profile with a thermal 
excursion of 26°C, reproducing flight conditions. Results 
show the spectral stability of the APEX imaging 
spectrometer. 
 
Index Terms – Imaging spectroscopy, in-flight calibration, 
spectral calibration, wavelengths stability, APEX. 
 
1. INTRODUCTION 
 
A number of studies have shown that spectral properties of 
airborne imaging spectrometers cannot be assumed to 
remain stable over a flight season given the rigors of thermal 
and pressure cycling combined to physical vibrations of the 
platform [1, 2]. For applications based on remotely sensed 
data where spectral features’ position is critical down to the 
nanometer level, the awareness and quantification of 
changes in instrument spectral characteristics is 
fundamental.  As to the author’s knowledge, currently the 
best characterization scenario foresees laboratory 
calibrations of airborne imaging spectrometers before and 
after a flight season. What happens during a flight season is 
at most investigated by tracking the position of spectral 
features present in the image data itself, i.e. atmospheric 
features or solar Fraunhofer lines [3, 4]. A shortcoming of 
such approaches is their dependency towards scene specific 
recording conditions, e.g. flight altitude, type of targets in 
the scene, illumination and atmospheric conditions at the 
time of imaging. 
The APEX In-Flight Characterization (IFC) facility [5], 
foresees the independent monitoring of instrument spectral, 
radiometric and geometric properties by means of onboard 
calibration sources - in form of internally stabilized light 
and customized reference filters. A reference IFC image is 
collected either on-ground or at the beginning of a flight, 
and then compared to subsequent acquisitions. 
This paper addresses the spectral monitoring by means 
of the IFC, outlining the algorithms developed for the 
determination, to the highest possible accuracy, of center 
wavelengths shifts based on the processing of IFC spectra.  
 
2. THE IN FLIGHT CHARACTERIZATION (IFC) 
FACILITY 
 
During IFC measurements, the instrument shutter is closed 
and the input radiance is produced with an internal 
stabilized QTH  (Quartz Tungsten Halogen) 75W lamp 
implemented in a dedicated housing. In order to optimize 
the spatial and spectral properties of the IFC illumination, a 
KG4 filter (to reduce the light intensity in the SWIR) and a 
holographic diffuser (to ensure a homogeneous illumination) 
are placed at the IFC exit port. An optical fiber guides the 
light from the lamp towards the focusing optics placed in the 
Optical Sub-Unit (OSU). Imaging optic projects the fiber 
light onto a second diffuser to further improve the 
uniformity of the illumination. The IFC light source is 
monitored and stabilized by means of a control loop. A FOV 
adjustment optics is farther needed to match the FOV of the 
IFC with the FOV of the OSU spectrometer. During the in-
flight characterization operations, a mirror is shifted in the 
optical path of the imaging spectrometer to reflect the light 
that is generated in the IFC towards the OSU. A filter wheel 
is mounted in front of the first lens of the OSU; it consists of 
spectral filters to evaluate the spectral and radiometric 
stability of the OSU, i.e., a Standard Reference Material 
(SRM) filter and 3 bandpass filters at 700, 1000 and 2218 
nm. Furthermore it is equipped with a NG4 attenuation filter 
in order to avoid saturation in the VNIR channel at 
maximum radiance levels, e.g. for image acquisition over 
very bright targets such as snow. The sixth position is left 
empty. Deterioration of the filters is not expected as these 
are located inside the enclosed and temperature stabilized 
OSU compartment (temperature stability 2°C). The SRM 
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filter is a NIST certified filter and can thus be used as a 
secondary standard. This filter exhibits many distinct 
absorption features in the transmitted spectra whose 
wavelength spacing and absorption line widths have been 
characterized at the NIST standardization laboratory and are 
known with an error tolerance ranging from 0.1 to 0.6 nm 
(Figure 1).  
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Figure 1. Transmissivity of the NIST spectral filter included on the 
In-Flight Characterization (IFC) facility. 
 
3. THE WAVELENGTH-STABILITY MONITORING 
ALGORITHMS 
 
Wavelength or spectral calibration is the process by which 
spectral wavelengths are assigned to given detector pixels. 
For any spectrometer it is fundamental to know how well 
the instrumental wavelength reading agree with the true 
wavelength, i.e. to calibrate the wavelength scale.  
A number of absorption features inherent to the spectral 
filters included in the IFC were used in this study. To be 
able to retrieve the relative spectral shift affecting the 
detector (or a portion thereof) at time n, the first step is to 
determine the ‘new’ spectral feature position at time n.  The 
determination of the ‘new’ spectral feature position relies on 
the assumption that in-time matching spectra are very likely 
to have been acquired with an instrument whose spectral 
properties have not changed over time. Following this 
consideration, we begin by identifying a reference feature 
spanning the spectral interval, , in what is considered the 
reference dataset or dataset acquired at time zero. The same 
spectral interval is identified in the dataset acquired at time 
n (i.e. dataset to be evaluated), this time however a buffer is 
added before and after so as to obtain a slightly larger 
interval, + . By means of a sliding-window sized  and 
moving of a predefined step i, we iteratively select the 
interval of the spectrum acquired at time n, to compare with 
the reference feature. Eventually, it is the sliding-window 
position, corresponding to the best feature-match that 
determines the ‘new’ estimated feature position. The 
sliding-window step, i, determines the smallest shift our 
method is still able to detect, thus the resolution of our 
method. The latter should be finer than the instrument 
Spectral Sampling Interval (SSI) if shifts at sub-pixel level 
shall be determined. In processing terms, the step, i, 
provides the step for the linear interpolation of our spectra. 
The goodness of the feature-matching, at each step i, is 
evaluated by means of two algorithms employing each its 
specific merit function presented hereafter: 
1. Correlation coefficient 
The first algorithm identifies the best feature-match by 
evaluating the correlation between reference feature and 
feature identified by the sliding-window. Ideally, for two 
perfectly matching curves (i.e. in terms of shape and 
position) the correlation coefficient is assumed being equal 
to one. The merit function to be evaluated by this method is 
given by: 
f =
1
N 1
ri,1  r1
(r1)
 
 
 
 
 
	 
i=1
N
 * ri,2  r2 (r2)
 
 
 
 
 
	 
               (1) 
where for two features with the same number of sampled 
points, N is the number of these points, and r are the 
intensities of the read out signal at a specific sampling point, 
i, and for a specific feature. 
2. Distance between centers of gravity 
The second technique determines the best feature-match by 
evaluating the distance between the centers of gravity 
computed for reference feature and feature identified by the 
sliding-window. Ideally, for two perfectly matching curves 
this distance is assumed being equal to zero. The center of 
gravity, also known in literature as center of mass or 
centroid, is a function of the positions and weights of the 
elements that comprise the system. The merit function to be 
evaluated by this method is given by: 
f = COG,1 COG,2, where COG =
iri
i=1
N

ri
i=1
N

         (2)  
where in our system the weights are given by the intensities 
of the readout signal, ri,  at the encoded spectral pixels and 
the positions by the spectral pixels positions, i, where N is 
the total number of sampled spectral positions covered by 
the feature. 
 
4. THE APEX TEST CASE 
 
In Spring 2009 on-ground IFC data measurement campaigns 
have been carried out as part of two experiments; the 
climate chamber located at RUAG Aerospace provided the 
setup for both experiments. In the first experiment 
environment temperature is kept constant through out the 
acquisition time, whereas in the second this parameter is 
altered to reproduce a typical flight profile. The goal of the 
former experiment was to quantify the uncertainty linked 
with the shift-determination method and with the intrinsic 
system fluctuations in steady and operational conditions. 
The goal of the latter exercise was to understand how 
temperature changes – resembling those of the flight 
environment - may affect the spectral characteristics of the 
sensor and how it is possible to monitor spectral shifts by 
means of the IFC unit. 
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Data are acquired in three measuring set-ups, while 
integration time (IT) and spectral configuration (binning 
pattern) are maintained constant.  In the first two setups the 
IFC input light is imaged onto APEX using once a NIST 
spectral filter and once being transmitted without any filter. 
In the last setup, dark current (DC) measurements are 
acquired while the calibration shutter is closed. The IFC 
lamp is stabilized before any acquisition takes place. Data 
preparation included (i) dark correction, (ii) normalization 
of the digital counts (DN) by the IT to ensure consistency 
between datasets acquired with different exposure times, 
and (iii) flat field correction to account for the non-
uniformity of the lamp output.  
For the wavelength-stability-monitoring algorithm to be 
run a number of spectral features have first to be identified 
in the IFC-spectra. In what is considered still an algorithm-
tuning phase, no criteria for feature selection were 
delineated. In general deep, sharp, features, encompassing a 
small number of sampling points (center wavelengths) are 
preferred, as the algorithm assumes the shift to be linear 
over the spectral interval encompassed by the feature. 
Absorption features are preferred over transmission features 
to avoid the risk of shape modifications due to signal 
saturation. Once data preparation and features selection is 
completed, data can be feed into the algorithm, which - as 
outlined in section 3 - is made up of two distinct functions, 
one based on the correlation coefficient and the other on the 
center of gravity distances. Having two independent 
functions retrieving shift estimates, allows to select the most 
robust method and further to double-check on the result.  
Before entering the evaluation process, features are being 
normalized by their linear continuum and turned upside-
down (in case of absorption features only). 
Results are shown in figure 2, each plot illustrates the 
relative mean shift and standard deviation computed over 
the across-track detector pixels for each of the 14 IFC 
acquisitions in stable temperature conditions. The center 
wavelength positions of the first acquired IFC frame are 
taken as reference for the shift retrieval which is thus to be 
considered a relative shift estimate. Results are reported for 
four NIST spectral features and for the two algorithms. 
 
(a) 
 
(b) 
Figure 2. Estimated relative mean spectral shifts over several IFC 
acquisitions for the experiment at stable temperature conditions. 
Results are for four spectral feature using a) the correlation 
algorithm, (b) the center of gravity algorithm. 
 
Both mean shift and standard deviation result stable over the 
entire data-take, with the mean shift stagnating around zero. 
To properly interpret the value of standard deviation the 
following considerations have to be made. As no critical 
external influence (e.g. temperature, pressure, vibration) 
takes place, zero-centered fluctuations of wavelength shifts 
are ascribable to the uncertainty of the methods or to 
inherent system variations. As the latter source of 
uncertainty cannot be modeled nor can its contribution be 
quantified, we are not able to independently characterize 
sources and thus we will refer to it as a whole as the 
‘system-method uncertainty’. Standard deviations allowed 
for the comparison of methods performances, with the 
outcome that the correlation method resulted in slightly 
lower uncertainties than the center of gravity method (best 
case: 0.01 vs. 0.01 pixels; worse case: 0.06 vs. 0.09 pixels). 
Results for the same experiment carried out at varying 
temperature conditions are shown in Figure 3. We report 
relative shifts estimates obtained with the correlation-
algorithm, using the same four NIST spectral features. 
Comparable results were obtained with the center-of-gravity 
algorithm. 
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Figure 3. Relative spectral shifts estimated by means of the 
correlation-algorithm over several IFC acquisitions at varying 
temperature conditions.  
Figure 3 shows the influence of temperature excursion on 
the wavelength stability of the VNIR detector. The coarse 
trend is identified to be a shift towards higher wavelengths 
with slight up- and downturns over the 11 acquisitions. With 
the correlation algorithm the highest registered shift 
amounts to 0.63 pixels +/- the previously quantified 
uncertainty of 0.06 pixels (see study with stable temperature 
profile). Similarly, the center of gravity method reported a 
highest registered shift of 0.50 pixels +/- an uncertainty of 
0.09 pixels. 
Figure 4 illustrates how the regulation of the 
temperature in the climate chamber influenced the 
temperature trend at instrument level. The latter was 
measured at various points of the instruments thanks to 
well-distributed thermo-sensors, here we present the 
fluctuations registered at the Environmental Thermal 
Control (ETC) box and at the Optical Base Plate (OBP) 
level. 
 
Figure 4. Temperature profiles in time, measured for the climate 
chamber, for APEX ETC box and for APEX OBP. 
Regression analysis between temperature profiles and 
estimated relative spectral shifts did not allow establishing a 
clear correlation.  The latter can be explained considering 
the small number of sampled points as well as the non-linear 
system reaction time.  
 
5. CONCLUSIONS 
 
Wavelength-stability-monitoring algorithms showed 
satisfying results, with standard uncertainties in the order of 
6-9% of a pixel, with the algorithm using as merit function 
the correlation coefficient performing slightly better than the 
one using the distance between centers of gravities.  
For what concerns its spectral stability, the VNIR 
detector responded well to outer temperature fluctuations 
ranging from 0° to 26° C, which reflected on the system 
causing a maximum variation of 6°C at OBP level. Maximal 
relative spectral shifts in the order of half of a pixel were 
estimated to be caused by such variations. 
A higher number of acquisitions under controlled, 
changing, environment conditions is recommended for 
correlation analysis and to increase reliability of results. 
This study was restricted to effects due to temperature-
variation; a study investigating possible contributions of 
pressure and vibration is further suggested. 
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